This study documents the occurrence of an aggressive invasive earthworm species in undisturbed forest soils of the southern Appalachian Mountains of northern Georgia, USA. Earthworms were sorted from samples collected in pitfall traps that had been set in mature, mesic oak-hickory forests in remote, high elevation, locations across northern Georgia. Specimens were continuously collected in these traps over the course of the summer and autumn of 1993, and more than 600 earthworms were collected from 35 different trapping sitesThere were at least 9 different earthworm taxa collected during the study including three species not native to North American soils (Amynfhas agrestis, Octolasion tyrtaeum, and 0. cyaneum). The majority of earthworms collected in the study were A. agrestis. Because large numbers of A. agrestis were trapped at a single site, we made measurements of individuals in an attempt to examine the reproductive status of A. agrestisat that site over time. Small numbers of A. agrestis were trapped in July and August, peak abundance occurred in September, and there was a decline in abundance through November to zero trapped in December. Sexually mature adults were first trapped in small numbers in late August, but made up 80% of the total population by mid September, and 100 % of the population in October and November.
Introduction
Introduced species dominate the earthworm fauna in turbed soils (Hendrix 1995; Kalisz & Dotson 1989) . most soils of North America (Gates 1976) . This is parBecause surveys in or near agricultural, or otherwise titularly true in soils that have undergone some disturdisturbed, soils may bias collections toward disturbance such as agricultural or other development. A bance-tolerant and non-native European, Asian and general feature is that native earthworm species are African species, sampling in remote areas is needed to found in relatively undisturbed soils whereas introgauge the extent of intact native communities and the duced species are more likely to be encountered in disdegree to which exotic species have dispersed into *E-mail corresponding author: mcallaham@fs.fed.us these areas. With a few exceptions (Kalisz & Dotson 1989; Reynolds et al. 1974; Reynolds 1978) , sampling in remote, relatively undisturbed areas in the southern Appalachian mountains has only recently begun, and is expected to yield numerous previously unknown native species (James, personal communication) . Information about interactions between native and non-native species is scarce, but this type of information is critical to understanding the potential consequences of ongoing biological invasions in North American soils. The existence of biological invasions in soil is largely overlooked because soil is an opaque medium, where the biota are inconspicuous (Hendrix & Bohlen 2002; Ehrenfeld & Scott 2001) .
Materials and Methods
For five months during summer and autumn, 1993, researchers from the University of Georgia Museum of Natural History conducted an extensive pitfall trapping campaign in some of the most remote, highelevation mesic oak-hickory forests in northern Georgia. Climate in these forests is subtropical humid, with annual rainfall of -1800 mm, and mean annual temperatures of 13 "C. The objective of the overall study was to capture small mammals, amphibians, and reptiles. However, large numbers of invertebrates were also accidentally captured in the pitfalls, including earthworms. Pitfall trapping is not considered to be a particularly efficient method for collection of earthworms, because captures of earthworms can be influenced by differences in climatic conditions, and differences in behavior of earthworms at different developmental stages. Also pitfall trapping is biased toward collection of epigeic worms, surface-feeding anecic worms, or individuals moving on the soil surface following rainfall. Thus, inferences made from collections in this study extend only to earthworms active on the soil surface, and can not address trends in the whole earthworm community. Nevertheless, the unintentional collection of several hundred earthworms in this study presented an opportunity to examine material from areas that had not previously been sampled. Pitfall trapping sites consisted of 20-25 traps set in an array across an area of approximately 2 ha. There was a total of 50 arrays set across 20 locations (see Fig.  1 for locations and number of arrays at specific locations). Traps were set by burying -1 L cups flush to the soil surface, and partially filling with 5 % formalin. Traps were set near coarse woody debris, rock outcroppings or other forest floor materials likely to be used as cover by small vertebrates. Each array was checked, and traps emptied of specimens, approximately every two weeks throughout the study. Earthworms were separated from other specimens, counted, measured, and identified to species when possible and to genus or family if specimens were non-reproductive (using keys of Schwert 1990; James 1990; Reynolds 1978 ).
Results and Discussion
There were more than 600 earthworm specimens collected during the five-month pitfall trapping campaign. Earthworms were collected at 35 of the 50 trap arrays, and at 16 of the 20 sites. Greater than 75 % of the total number of earthworms collected were exotic species (Table 1) . Another 20 % consisted of juvenile lumbricids that may have been native or exotic species (the family Lumbricidae is represented by both native and introduced species in the samples). In contrast, only 4 % of the earthworms collected were verifiably native North American species (Table 1) . There were at least nine different earthworm taxa collected (Table 1) . Native earthworms were represented by the lumbricid genera Bimastos and Eisenoides, the megascolecid genus Diplocardia, and by a single specimen of the genus Komarekiona.
Exotic species captured in pitfalls included the lumbricid genus Octolasion, and the megascolecid genus Amynthas. Amynthas agrestis (Goto and Hatai, 1899) made up 73 % of the total number of earthworms and 96% of the exotic earthworms collected (Table I) . This species is believed to have been introduced to North American soils via materials imported from Japan (Gates 1982) . This overwhelming abundance of an exotic species in these relatively undisturbed sites was surprising, particularly given the findings of Kalisz & Dotson (1989) , where exotic earthworm species were encountered only in severely disturbed areas in the mountains of eastern Kentucky. Note: Juvenile lumbricids could be either native or introduced. Unidentifiable specimens had deteriorated to such a degree that no determination could be made
Because Arnynthas agrestis was collected in greater numbers than any other species, and because of its status as an aggressive invader, this species warranted further examination. One site in particular (on the slopes of Brasstown Bald, the highest elevation in Georgia, -1450m) yielded large numbers of A. agrestis, and we examined the demography of the specimens collected at this site in detail (Fig. 2) . In the early phases of trapping (July and early August), only small juveniles were collected. A peak in abundance of these juvenile and sub-adult individuals was observed to be in late August (Fig. 2) . In September, total abundance of A. agresris dropped, but abundance of adults peaked. There were no juvenile or sub-adult individuals collected after September (Fig 2) . Individuals reached reproductive maturity at a length of -115 mm (formalin preserved length).
The patterns of abundance for juvenile and adult A. agrestis observed in this study are in general agreement with those presented for the species in Reynolds (1978) . However, the occurrence of A. agrestis in the present study in high elevation, relatively undisturbed sites is in contrast to the collections of Reynolds (1978) . Although Reynolds sampled in more than 1600 different locations in Tennessee, he encountered A. agrestis in only 17 locations, and of these 17, 8 are described as "dumps", and 9 collections were made in "fields, under logs". These habitat descriptions indicate severe disturbance, whereas our collections were made in generally undisturbed, mature forest stands.
The dominance of A. agrestis in the pitfall traps used in this study is likely attributable to their epigeic behavioral characteristics. This species is very active in the litter layer of the forest floor and should be more susceptible to collection by pitfall trap. However, it is notable that the native North American genus Bimastos is also generally epigeic, but was poorly represented in these collections relative to A. agrestis. Tandy (1969) reported that Amynthas spp. were purposely introduced to certain areas in Louisiana for establishment of bait populations "around the margins of lakes" (c-f Reynolds 197X). Arnynthas spp. are also commonly sold as fish bait in northern Georgia, and many popular spots for trout fishing are located in the mountainous region of the state. Thus, the original introduction of A. agrestis to these remote areas may have been the result of fishermen discarding unused bait. Just a few individuals of Amynthas could be sufficient for establishment of new populations, as most species in the genus (occurring in North America) are parthenogenetic (Reynolds 1978) .
This study documents the occurrence of Amynthas agrestis in habitats not previously reported for this species. These findings are of concern because remote, undisturbed locations are thought to be the last refugia for many native earthworm species in the southern Appalachian Mountains (Kalisz & Dotson 1989; Kalisz & Wood 1995) . Furthermore, there is increasing evidence that Amynthas can significantly alter organic matter dynamics and forest floor structure in North American forests (Burtelow et al. 1998) , and that exotic earthworm activity can negatively affect other organisms living in or on the forest floor (Gundale 2002) . Understanding the life-history factors associated with establishment, development and spread of exotics such as A. agrestis is crucial for developing methods of control for these species. Our study should provide a base of information for such efforts.
